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Industry Summary: This study was conducted to assess whether shifts in manure microbial 
populations could explain foam production in deep-pits manure storages. To make the study 
relevant and practical, swine sites with similar genetic stock, same feed source, and similar 
barn design were selected for sampling to reduce site-to-site variability. Additional samples 
were provided from farms in Iowa and Minnesota to include in the analysis. Samples were 
collected over time to determine if foam production or shifts in microbial communities occur in 
the manure of these facilities. Twenty-six barns were sampled four times during a six-month 
period from April 2012 through September 2012. The results indicate that microbial 
communities do indeed differ between foaming and non-foaming manure samples. We noted 
that some deep-pits were consistently stable in their foam or non-foam status and also the 
microbial communities associated with each of them. Other deep-pits shifted from foaming to 
crusting (or vice-versa) during the study and their microbial communities changed over time.  

These results support the idea that foam production in deep-pit manure storages is correlated 
with distinct bacterial populations present in the manure; however we are conducting 
additional research to determine if the bacterial communities are the cause of foaming, or 
merely an indicator of the foaming condition. This NPB funded study was a key first step to 
discovering the cause of foaming and developing a solution for foam production in deep-pit 
manure storages. Additional funding has been secured to further investigate this problem on a 
much larger scale. Industry support has been obtained by major swine integrators to help 
identify and correlate environmental and management factors related to this foaming 
phenomenon.  
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Scientific Abstract: Extensive foam production in Midwestern U.S. deep-pit swine operations 
has become a serious concern to the pork industry. In recent years, a number of explosions 
and flash fires have been reported in swine facilities as foam production has developed and 
spread to numerous deep-pit manure storages. Efforts have been made to document and 
assess the severity of foaming in these swine facilities, however to date no cause has been 
identified. The purpose of this project was to analyze the microbial communities present in 
these deep-pit manure storages and to determine if presence of foaming in these storages is 
correlated to the differences in microbial communities between foaming and non-foaming 
swine facilities. Samples for this study were collected from fifty-nine barns from twenty-six 
deep-pit swine operations located in the states of Illinois, Iowa, and Minnesota from both 
foaming and non-foaming facilities. The bacterial community composition was assessed using 
automated ribosomal intergenic spacer analysis (ARISA). The results indicated that microbial 
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communities do indeed differ between foaming and non-foaming manure samples. It was 
found that manure from foaming storages had reduced microbial richness, but increase 
dominance of specific bacterial populations. Results also indicated that some manure storages 
have more stable microbial communities while others are in a state of transition from foaming 
to non-foaming (or vice versa).  These results support the idea that foam production in deep-
pit manure storages is correlated with distinct bacterial populations present in the manure; 
however more research is needed to determine if the bacterial communities are the cause of 
foaming, or merely an indicator of the foaming condition. 
 
Introduction:  Foam production in deep-pit manure storages is a growing concern for the 
U.S. swine industry. Incidents of barn explosions and flash fires have increased recently as a 
consequence of foam production in these storages, which traps methane and allows 
accumulation to dangerous levels. One hypothesis is that the foam production is occurring as 
a consequence of the presence or activity of one or more bacterial populations, or from a by-
product of bacterial populations present in the deep-pits (Moody et al., 2009). However, few 
studies have analyzed these microbial community populations in deep-pit swine manure 
storages. Even fewer studies have specifically examined differences in these communities in 
foaming and non-foaming deep-pit manure storages, or systematically examined changes in 
microbial communities over time as a deep-pit transitions from a non-foaming to a foaming 
state.  

There have been two previously published studies that characterized bacterial communities 
and profiles in foaming and non-foaming deep-pit swine manure pits (Rehberger et al., 2009; 
Rehberger et al., 2010). Rehberger et al. (2009) collected manure samples from nine barns 
from three separate facilities. Of these nine barns six were experiencing foam production and 
the other three barns were not. A DNA “fingerprinting” analysis was used to compare bacterial 
assemblages in the manure samples, and revealed differences in the microbial communities 
between deep-pits with and without foam. The analysis indicated differences in the presence 
and relative abundance of specific microbial populations among the foaming and non-foaming 
samples. However, the identification of specific bacterial populations was limited by the 
taxonomic resolution of the DNA fingerprinting approach, and by the presence of previously 
uncharacterized populations.  

Rehberger et al. (2010) combined the microbial community analysis with nutrient profiles from 
the manure samples collected. Sixty-nine manure samples were collected for microbial 
analysis and three samples collected from foaming pits for nutrient profile analysis. Manure 
samples from foaming facilities had higher crude fat, copper, iron, and zinc in the manure, 

and a greater abundance of specific microbial groups. The increased mineral levels support 
other reports that foaming deep-pit storages experience an inverted solids profile. Rehberger 
(2010) also suggested that the increased crude fat coupled with the inversion of the solids 
profile could lead to an increase in surface tension that would be capable of trapping gases. 
Moody et al., (2009) noted that changes in surface tension could be a potential cause for foam 
production in deep-pit manure storages. However, there was no explanation given for why 
foaming deep-pit storages would have higher concentrations of fat, mineral and fiber-bound 
protein. These two studies suggest that nutrient levels and changes in the microbial 
communities may be causal factors of the foaming phenomenon in deep-pit manure storages.  

Foam production is also an issue in municipal wastewater treatment facilities, and a number 
of studies have implicated a shift in bacterial communities as the cause of this state. 
Extracellular polymeric substances (EPS) and hydrophobic substances have been correlated 
with foaming in wastewater treatment plants (Ganidi et al., 2009). Similar factors may be at 
work in deep-pit foaming. Filamentous bacteria identified as Gordonia species have been 
implicated as the cause of foaming in full-scale anaerobic digesters at wastewater treatment 
facilities (Pagilla et al., 1997). A different filamentous bacterial species, Microthrix parvicella, 
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was identified as the cause of foaming in another instance of foaming in an anaerobic digester 
(Westlund et al., 1998). More investigation is necessary to determine if any of these factors are 
related to foaming in deep-pit storages. Unfortunately, there are several differences between 
wastewater treatment plants and deep-pit swine manure storages, and causes of foaming may 
be due to different drivers in each system.  

 

Objectives: We hypothesize that certain microbial populations are associated with the 

development and persistence of foam in swine deep pits, and their presence may serve as a 

risk factor. To address this hypothesis, we propose to sample and analyze 150 manure 

samples from twelve Illinois pork producer sites, and two each Minnesota and Iowa sites. 

 
  Objective 1. Expand our dataset of microbial community composition in foaming and 

non-foaming barns, by conducting a comprehensive survey of twelve Illinois sites that 
have experienced both foaming and non- foaming in the previous two years. Additionally, 
we propose to expand our survey by including samples from Minnesota and Nebraska, 
collected in a companion proposal. Our working hypothesis, based upon our preliminary 
results, is that foaming manure pits have distinct microbial assemblages, and that we can 
detect microbial populations that are specifically associated with the foaming condition. 
 
  Objective 2. Collect samples from the selected sites over time. Our working hypothesis 
is that there are shifts in the microbial community that lead to the onset of foaming. We will 
obtain and analyze samples in spring, summer and fall seasons for 11 replicate sites with 
common genetics, feed and production facilities in western and northern Illinois. On one site 
with six barns near Champaign, Illinois, we will collect and analyze samples monthly, to 
obtain even finer temporal resolution of microbial community changes with and without 
commencement of foaming problems. 
 
With data collected from 12 different farms, 11 of which are contract farms for a single 
integrator, we should be able to develop a comprehensive microbial community ecology 
dataset, and conduct a substantive analysis of similarity between foaming and non-foaming 
sites. The ability to track these sites over time may help to better identify risk factors that 
signal if, or whether, a pit will foam. It is expected that some pits will not be foaming during 
earlier visits but may have initiated foaming later in the year. We expect to further improve 
our understanding of the seasonal nature of foam development, or its lack, by six monthly 
visits to a twelfth, local site that has had both foaming and non-foaming in recent years. 

 
Additionally, the inclusion of samples from both Minnesota and Iowa will greatly enhance the 
significance of the results. Producers in Minnesota and Illinois have experienced substantial 
foaming in recent years whereas Nebraska producers have not reported foaming. Coupled with 
the intensive temporal sampling in Illinois in objective 2, we hope to find specific microbial 
community populations associated with foaming, and to discern correlations   between   
microbial   community   composition   and   factors   such   as   feed, genetics, manure 
characteristics and season 
. 
Materials & Methods:   

Sample Collection: Manure samples were collected from twenty-six deep-pit swine finishing 
barns from thirteen operations over a six-month period in Illinois. Sample collection occurred 
in April, June, August, and September 2012. Sites were strategically selected to reduce the 
amount of site-to-site variability. The sites sampled were all contract growers for the same 
integrator, receive feed from the same feed mill, and have a similar barn design. By doing this, 
differences in microbial communities reflected the phenomena of foam production rather than 
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differences due to regional location, rations, genetics, and management strategies between 
integrators. An additional thirty-three barns were sampled in the Fall of 2011 from facilities in 
Illinois, Minnesota, and Iowa. These samples were used to finalize the sampling strategy and 
study design for the samples collected in 2012. These preliminary samples are included in the 
data analysis and reported in the results section. 

Four 50 mL manure samples were collected for microbial analysis at each site. Samples 
represented the vertical stratification of a deep-pit. The first sample collected represented the 
foaming or crust layer (layer A) (if the barn had a crust or foam was present), then the 
transition layer just below the foam or crust was collected (layer B) (for facilities without a 
crust or foam this sample was collected from the liquid surface), the third sample collected 
was from the manure slurry in the middle of the deep-pit (layer C), lastly the sludge layer or 
bottom 12” of the pit will be sampled (layer D).  

In addition to the microbial samples, manure samples will be collected and analyzed for 
manure characteristics. These manure samples were collected from layer B (based on 
preliminary collected data, layer B had the most distinct differences in microbial assemblages) 
and archived for all sites and time points. Once the microbial samples had been analyzed, the 
results were reviewed and a representative manure sample was selected for analysis at 
Midwest Laboratory for each site. The manure samples collected in June 2012 were analyzed 
for total Kjeldahl nitrogen (TKN), ammoniacal-nitrogen (NH3-N), phosphorus (P), total solids 
(TS), potassium (K), pH, crude protein (CP), crude fat, acid detergent fiber (ADF) and energy 
content.  

 
DNA extraction and PCR amplification:  

Genomic DNA was extracted from 200 mg manure samples using the FastDNA SPIN Kit for 
Soil (MP Biomedical). Bacterial community composition and diversity was assessed using 
automated ribosomal intergenic spacer analysis (ARISA) as described previously (Kent et al., 
2007; Yannarell and Triplett, 2005). The ARISA method uses polymerase chain reaction (PCR) 
to amplify the internal transcribed spacer region of the bacterial rRNA operon. Different 
lengths of this intergenic spacer region represent different bacterial populations, and can be 
used to develop a DNA fingerprint of the microbial community that is analogous to a census of 
microbial populations. The bacterial internal transcribed spacer region was amplified from 10-
20 ng of extracted DNA using the following primers: 1406f, 5’- TGYACACACCGCCCGT -3’ 
(universal, 16S rRNA gene), and 23Sr, 5’- GGGTTBCCC CATTCRG -3’ (bacteria-specific, 23S 
rRNA gene). The 1406f primer was labeled at the 5’ end with the phosphoramidite dye 6-FAM. 
PCR was carried out in an Eppendorf MasterCycler (Eppendorf, Hauppauge, NY) with an initial 

denaturation at 94°C for 2 min, followed by 30 cycles of 94°C for 35s, 55°C for 45s, and 72°C 
for 2 min, with a final extension carried out at 72°C for 2 min. Lengths of ARISA PCR products 
from each sample were determine by denaturing capillary electrophoresis using an ABI 3730xl 
Genetic Analyzer (Applied Biosystems, Foster City, CA) at the UIUC Biotechnology Center W.M. 
Keck Center for Comparative and Functional Genomics. A custom 100- to 2000-base pair (bp) 
Rhodamine X-labeled DNA size standard (Bioventures, Murfreesboro, TN) was used as the 
internal size standard for each sample. Determination of DNA fragment sizes was carried out 
using GeneMarker version 1.95 (SoftGenetics, State College, PA). Capillary electrophoresis 
results in minor run-to-run variations in observed versus actual fragment length were 
resolved using the allele-calling features in GeneMarker before statistical analysis. The signal 
strength (i.e. peak area) of each peak was normalized to account for run-to-run variations in 
signal detection by dividing the area of individual peaks by the total fluorescence (area) 
detected in each profile, expressing each peak as a proportion of the observed community 
(Rees et al., 2004; Yannarell and Triplett, 2005).  
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Data Analysis: 

Patterns of similarity among bacterial communities were assessed using Bray-Curtis similarity 
and non-metric multidimensional scaling (NMDS) analysis implemented in PRIMER 6 for 
Windows (PRIMER-E Ltd, Plymouth, UK). Analysis of similarity (ANOSIM) was used to evaluate 
patterns of microbial community similarity among groups of samples (Clarke and Green, 
1988). ANOSIM generates a test statistic, R, whose magnitude indicates the degree of 
difference between groups of samples, with a score of 1 indicating completely different 
assemblages among samples, and 0 indicating no distinction in composition among samples. 
ARISA fragments that represent characteristic or distinguishing microbial populations of a 
group of samples were identified using Similarity Percentage analysis (SIMPER) (Clarke 1993). 
Peaks between 300 and 1000bp were selected with a minimum intensity of 100 fluorescence 
units. ROX 1250 size standard was used as an internal standard during column 
electrophoresis for accurately determining bacterial 16S rRNA fragment size. DNA fragment 
size-calling and alignment of DNA community fingerprints was carried out using the 

GeneMarker software program. Statistical analysis (non-metric multi-dimensional scaling and 
analysis of similarity) was completed using Primer 6 data analysis software. This method is 
summarized in Figure 1.  

 

 
 

FIGURE 1. Summary of the ARISA process used to complete a microbial community 
comparison for foaming and non-foaming deep-pit swine manure storages. 

 
Results:  

Objective 1. Detect microbial populations that are specifically associated with foaming 
in deep-pit manure storages. There was substantial variability in microbial communities 
found among farms and among depths (layers A-D) in the manure samples collected. Figure 2 
displays results of the NMDS analysis comparing similarity among microbial communities 
detected in the samples from the Illinois, Iowa, and Minnesota for foaming and non-foaming 
facilities. Similarity among microbial communities in each sample was compared using the 
Bray-Curtis similarity index to evaluate the percent of shared populations (i.e. their similarity). 
The NMDS ordination is a graphical representation of similarity among microbial 
communities, with degree of dissimilarity in microbial community composition represented by 
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greater distance among points. Therefore, samples with similar microbial communities plot 
closer together and samples with different microbial communities plot further apart.   

A total of 272 samples were collected from barns experiencing foam production and 157 barns 
that were not experiencing foam production at the time of sampling. Table 1 outlines the 
number of samples that were collected from foaming and non-foaming facilities by layer. These 
samples were compared using ANOSIM and PRIMER 6 to determine the similarity of microbial 
communities in the foaming and non-foaming storages (Figure 2) (ANOSIM R=0.062, p<0.001).  

Even though there was no consistent patterns of difference in the composition of microbial 
communities that make up the bacteria populations in the overall dataset from foaming and 
non-foaming deep-pit barns, there was a significant difference in the number of microbial 
species present (microbial species richness) in foaming and non-foaming pits. Microbial 
species richness was compared among foaming and non-foaming sites using the average 
number of ARISA fragments observed from samples collected at each depth. Reduced 

microbial richness was consistently observed in foaming deep-pits when compared to non-
foaming deep-pits (Figure 3) (Layer A, p=0.10; Layer B, p<0.01; Layer C, p<0.01; Layer D, 
p<0.01). This reduced richness could suggest that a particular microbial species is dominating 
the microbial communities in the foaming manure, thereby reducing the diversity of the 
microbes present in the foaming manure storages.  

Based on the ARISA data, SIMPER analysis identified ARISA fragments representing bacterial 
populations that were responsible for differences between foaming and non-foaming samples. 
Table 2 shows dominant bacterial populations that were identified by SIMPER. The microbial 
populations represented by five of the six dominant fragments were found to be particularly 
dominant in foaming samples. This is especially true of ARISA fragment lengths of 785 bp and 
791 bp (Figures 4a and 4b, respectively). For all the layer A foaming samples collected the 
ARISA fragment 785 bp makes up 11% of the total microbial community compared to less 
than 1% for the non-foaming layer A samples. This trend is similar for the remaining layer B-
D samples, but less dramatic with only 2% of the total microbial community, on average, 
composed of ARISA fragment 785 bp and the non-foaming remaining less than 1%. Given that 
this particular fragment is a large percentage of the total microbial community in only the 
foam layer in these manure storages, it could be directly related to causality of foam 
production. The opposite was found for species 852 bp, which was observed to be depleted in 
foaming manure storages (Fig. 6). Unlike ARISA fragment length 785 bp, ARISA fragment 
length 791 bp was more dominant in the slurry (liquid portion) manure samples making up 
10.1% of the total microbial community in layers B-D.   

While the bacterial populations represented by these ARISA fragments are responsible for the 
observed differences in microbial community composition among the foaming and non-
foaming samples, it is not clear if foaming is caused by these bacterial differences, or if the 
bacterial communities are responding to chemical or physical differences in the foaming vs. 
non-foaming deep-pits. These results support the hypothesis that the foam production in 
deep-pit manure storages is correlated with distinct bacterial populations present in the 
manure; however more samples need to be collected to determine if the bacterial communities 
are the cause of foaming, or merely an indicator of the foaming condition. DNA-based 
identification of specific bacterial populations that are correlated with the foaming condition is 
also needed.  
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TABLE 1. Total number of samples collected during project from each layer A-D, 
includes preliminary samples collected.  

 
Number of Samples Collected 

Site Status Layer A Layer B Layer C Layer D 

Foaming 83 72 75 42 

Non-Foaming 41 48 46 22 

Total 124 120 121 64 

 

 

FIGURE 2. Non-metric multidimensional scaling (NMDS) analysis results comparing 
similarity among microbial populations from all foaming and non-foaming samples that 

were collected. Each point represents a microbial community present in a manure 
sample, distance between samples represents dissimilarity in microbial community 

composition assessed by ARISA. 

 
FIGURE 3. Average microbial community richness (number of microbial species 

detected) for all foaming and non-foaming samples collected from deep-pit manure 
storages, reported for each layer A-D.  
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TABLE 2. ARISA fragments, identified via SIMPER analysis, that were responsible for 
differences between foaming and non-foaming samples and their total microbial 

community percentage 

Population 

 Percent of Total Community 
Layer A 

 
Layer B 

 
Layer C 

 
Layer D 

F NF 
 

F NF 
 

F NF 
 

F NF 

646 2.6 0.9 
 

4.0 1.9 
 

4.6 2.2 
 

4.8 1.4 

649 2.3 1.1 
 

3.8 2.0 
 

4.6 2.2 
 

4.6 1.3 

785 10.8 0.66 
 

2.5 0.24 
 

1.3 0.16 
 

1.0 0.36 

791 4.0 2.3 
 

9.3 4.8 
 

8.7 4.4 
 

12.4 3.0 

852 0.19 0.66 
 

0.37 1.6 
 

0.23 1.9 
 

0.25 2.0 

950 1.1 0.76 
 

2.5 0.96 
 

2.7 0.87 
 

3.0 0.45 

 
 

 

  (A)       (B)    

FIGURE 4. Dominant ARISA fragments identified by SIMPER. A. Fragment 785 bp is 
especially dominant in Layer A of foaming facilities. B. Fragment 791 bp is particularly 

dominant in remaining Layers B-D in foaming facilities.  

 

 

FIGURE 5. Non-Foaming dominant ARISA fragment 852 bp identified by SIMPER.  

  
Objective 2. Collect time-series samples from designated facilities to determine if 
microbial communities shift with time. Table 3 shows the number of barns that were 
experiencing foam production during each site visit or were classified as non-foaming and had 
no foam present. Of the barns sampled from April to September 2012 only eight were 
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consistently experiencing foam production. Even fewer facilities (5 total) were consistently not 
producing foam during the same sampling period. A comparison of the microbial community 
similarity of these eight foaming and five non-foaming facilities is shown in Figure 6a. This 
NMDS analysis indicates significant differences in microbial assemblages in foaming and non-
foaming samples (ANOSIM R=0.414, p<0.001). Conversely, the remaining thirteen barns 
experienced a shift from foaming to non-foaming or vice versa during the sampling period. Of 
these thirteen, eight were foaming in June 2012 and then had a crust and classified as non-
foaming in September 2012. NMDS analysis indicates a significant shift in microbial 
community assemblages coincident with the change in foaming status between these sampling 
dates (Figure 6b, ANOSIM R=0.24, p<0.001).  

A SIMPER analysis of the ARISA data from the thirteen consistently foaming or non-foaming 
facilities identified the same two dominant microbial populations as reported previously in 
foaming manure samples, represented by ARISA fragments lengths 791 bp and 785 bp. ARISA 

fragment length 791 bp makes up 14% of the total microbial community in the eight barns that 
were consistently experiencing foaming, compared to the 10.1% when all the foaming sites were 
analyzed. The total microbial community percentage of the ARISA fragment length 785 bp went 
up from 11% to 18% when the eight consistently foaming barns were compared to all the foaming 
sites over the sampling period. The consistent foaming status of these 13 barns over the 
sampling period results in stronger patterns of community composition (Figure 6a compared to 
Figure 2), and a greater proportion of the foaming-associated microbial populations. Other sites 
were in transition from foaming to non-foaming (or vice versa) during the sampling period, and 
the transition samples captured in our dataset have microbial communities that do not show a 
strong distinction based on foaming status, and somewhat reduce our ability to distinguish 
microbial assemblages from foaming and non-foaming samples.  

Further insight into which populations are directly related to foam production was achieved 
after a producer added rumensin to his pit to provide some relief from extensive foaming. The 
rumensin was added at a rate of 5 lbs per 100,000 gallons for a total of 30 lbs. The addition 
occurred between that August and September site visits. Therefore, the microbial community 
similarity and population dominance was compared for each month to determine the effect of 
adding rumensin to the foaming manure pit. The SIMPER analysis of the ARISA data from this 
facility identified the ARISA fragment length 695 bp as extremely dominant in August, making 
up 53% of the total microbial community for layer A. After treatment, the ARISA fragment 
length 695 bp was reduced to 22% of the total microbial community makeup of layer A. For 
layers B-D the average percentage was 33% of the total microbial community, this was 
reduced to 18% for the ARISA fragment length 695 bp. The amount of foam also decreased 

after treatment from 20 inches to 12 inches. The ARISA fragment 695 bp was also present in 
foaming samples collected from other sites, but not to the same extent. For the eight facilities 
that were foaming consistently during the sampling period each layer’s (A-D) total microbial 
community was composed of 4% of the ARISA fragment length 695 bp. However, this fragment 
length was not detected in the five consistently non-foaming barns in any of the layers (A-D).  

The facilities that were consistently foaming or not producing foam during the sampling period 
have distinct patterns of similarity among the bacterial communities that were present (Figure 
6a). However, the barns that changed classification during the sampling period are less 
distinct (Figure 6b). This shows some deep-pit manure storages have relatively stable 
microbial community populations over time, while others have more dynamic microbial 
communities that are frequently changing. For the storages with less stable bacteria 
populations it is harder to identify dominant microbes or factors for causality of foaming due 
to the dynamics of dominant populations. There are a number of environmental or 
management factors that could be causing the microbial communities to shift over time. 
However, many of these factors are proprietary information for the integrator (feed ration, feed 
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phase, medication usage, feed additives etc.), so data were not available to conduct analyses to 
determine if these factors were responsible for the observed bacterial shifts. 

If differences in bacterial assemblages are consequences of some other occurrence in the pit, 
rather than the actual cause of the foaming, several possible explanations should be 
evaluated. These include a chemical or physical change to the manure in the deep-pits. 
Parameters such as inadequate mixing, temperature fluctuations, chemical or nutrient shock 
loads to the manure in the pit. Extracellular polymeric substances (EPS) and hydrophobic 
substances have been identified as potential causes of foaming in wastewater treatment plants 
(Ganidi et al., 2009). Similar factors may be at work in manure foaming. Filamentous bacteria 
identified as Gordonia species have been implicated as the cause of foaming in full-scale 
anaerobic digesters at wastewater treatment facilities (Pagilla et al., 1997). A different 
filamentous bacterial species, Microthrix parvicella, was identified as the cause of foaming in 
another instance of foaming in an anaerobic digester (Westlund et al., 1998). More 

investigation is necessary in order to determine if any of these factors are causing the foam to 
occur, or if it is cause directly by the bacteria present in the manure.  

TABLE 3. Number of foaming and non-foaming barns sampled each month 

Month Sampled Foaming Barns Non-Foaming Barns 

Preliminary  24 9 

April 11 9 

June 23 5 

August 14 12 

September 13 13 

 

   

   (A)      (B) 

FIGURE 6. Non-metric multidimensional scaling (NMDS) analysis results comparing similarity 
among microbial populations. A. Shows a comparison of samples collected from the facilities 

that were foaming or non-foaming during every site visit. B. Shows a comparison of eight 
facilities that were experiencing foam production in June 2012, but were no longer 

experiencing foam production in September 2012. 
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Discussion: Consistent differences in microbial assemblages were found between foaming and 
non-foaming deep-pit manure storages for all the slurry layers that were sampled. The 
observations found in this study support the original hypothesis that shifts in microbial 
populations are correlated to foam production in these manure storages. Additional 
observations are needed to verify these results, confirm causality, and to find the causes of the 
microbial shifts.  

The taxonomy of the bacterial species responsible for the differences in microbial assemblages 
in deep-pits were not determined by the community fingerprinting approach employed in this 
study. However, identification is possible with additional DNA sequencing analyses in future 
studies. Results to date also have not shown whether these microbial communities are 
causing the foam to occur or if the change in population is merely a consequence of some 
other event occurring in the manure storages.  

This is a key first step to discovering the cause and developing a solution for foam production 

in deep-pit manure storages. Additional funding has been secured to further investigate this 
problem on a much larger scale. Industry support has been obtained by major swine been 
obtained by major swine integrators to help identify and correlate environmental and 
management factors related to this foaming phenomenon. 


